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UNCLASSIFIED -
THE USE OF RADIOACTIVE ISOTOPES AND NUCLEAR RADIATION
1§ THE SOLUTION OF SOME PROBLEMS OF BLAST-FURNACE ARD
STEEL~-MAKYWG PRODUCTION
by Afanasjev V.N., Boaljaev U.P., Bogdanova N.G.,
Bulsky M.T., Grusin P.L., Nikulinsky I.D., Offengen-
den A.M., Polovchenko I1.G., Pugachev A.V. ,Skrebtzov A M.,

Telesov S.A., Shvartzman L.A.

The extensive organization of work in metallurgy, im
vhich the attainments of nuclear physiocs have besn utilized,
im the USSR dates back to the years 1948-1949.

The Institutes and plamts of the Ferrous Metallurgy
have @ network of radlometric laboratories for the inspsction
and development of techmologlcal processes.

Seperate questioms comngcted with the utilisation of
radioactive isotopes and nuclear radiation in the metalluxrgical
1nduatry of the Soviet Union have bean described inm the
literature im detall. Some results have already beem reported
at international conferences. The present report deals only
with ipdividual examples of the utilisation of radioactive
isotopes add puclser radiation in the ferrous metal indusiry.
Chief? attention %e& paid to the results of work now in progress
at the Eumpetsk Iron and Steel Works, and the "Amovstal?,
the Dgerzhinsk, the Ilich and the Stalinsk Irom and Steel
pills, with the collaboration of the Central Sclentific R.se-
aroh Ingtitute of the Ferrous Metal Industry.

I. BLAST-FURNACE PRODUCTIOR

38

S e

in Blgst-Furnaces

In the £isld of cast iron manufacture the gsutomatlion

of ¢he ocontrol of the operation of the blast-furnace process
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is an important problem. In this comnection there arises the
need to provide contactless, continuous—-acting low-inertia
data units, which afford data on the run of processes, as
well as its transmission into the computer. In the
solution of this problem in the Soviet Unlon great attention
is paid to the utilization of radioactive isotopes. To that
end there has been developed a radiometric installation de-

signed for the regulation of blast-furnace incoming charge.

At the present time the blast-furnace incoming charge is
regulated on the basis of indications of mechanlical soundings,
which give satisfactory results only when the blast-furnace
runs smoothly. Sounding dlagrams often -do not characterize
the position of the surface of the charge and do not permit to
regulate the level of filling. Great difficulties are experi-
enced when mechanical soundings are utilized in the operat-
ion of large veclume blast-furnaces,when the pressure under

the furnace top is ralsed.

The radioactive method regulating the level of filling
of the blast-furnace with charge materlals is based on the ab-
sorption of gamma-rays from radioactive sources. In the given
case one may utilize radioactive isotopes of cobalt and other
elements with a hard gamma-radiation (with energies of 1 MeV
or more) and with a sufficiently large half-life (one year and
more). Closed sources of radiation with activities of about
200 mcuries (depending upon ray hardness and furnace dimen-
sions) are set up in the furnace refractory masonry at a
definits level of fill of charge materials, or under the bell
(Fig., 1). At various points along the furnace periphery in the
refe Approved For Release 2009/04/29 : CIA-RDP80T00246A007900090002-4 ) are
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installed; whose cables are connected to the recorder with a
light panel. Detectors are set up on a number of horizons,
four on each horizon. When the charge material level of fill
is lower that the location of any one of the detectors, the
irradiation intensity of the detector increases abruptly, and
the respeotive signal lamp on the control board ignites.

The radiometric method of regulation of the level of
filling 1s being used on one of the blast—furnaces of the
Dgzerzhinsk plant. The dlagram of the radiometric regulator of
the level of filling, developed by personnel of the plent,
of CSRIFMI and of the Ukrainian Institute of Metals, is
shown on Figures 1 and 2. In this case two sources of radio-
active cobalt; 500 mcuries each, wers placed on the blast-
furnace, under the level of the material;, along the furnace
top cirocumference, between the vertical rows of counters
(See Fig. 2). Sources and ocounters have been arranged in
such a mapner that the radiation of each source acts only
upon the two vertical rows of counters, which are opposite to
it. The possibility of shifting the sources in pipes permits
to carry it out with fascility.

A comparison of the readings of the radiometric instal-
lation and of the mechanical soundings leads to the following
conclusions:

a. The readings of the installation from the side of the
cast 1ron tap and air heaters rarely coincide with sounding
data when the furnace runs very smoothly; as a rule; the read-
ings of mechanical soundings are considerably lower than the
surface of the fill, as revealed by radiometric control;

b. Due to the fact that the soundings are drawn in by the

charge, the actual level of materials is in many cases higherx
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that the bottom position of the edge of the large bell; as @&

result, the orientation by mechanical sounding readings often
leads to the overloading of furnaces. The passage to the con-
trol of the loading of furnaces by radiometric control data
evens out the running of furnaces.

The new regulator of f£illing clearly manifests & nonuni-
form speed of incoming materials along the circumference.

The Dzerghinsk Plant, CSRIFMI the Ukrainian Institute
of Metals and the Talliln measuring instruments plant

have worked out an industrial standard for the radiometric
£411 regulator. During the ypars 1959 and 1960 regulators will

be installed on blast-furnaces at a number of plants.

2. Control of the Quality of the Charge and Orxe

In order to control the blast duty a reliable and quick
determination of the granulometric composition of the charge
is neesded. At some plants the screem composition of charge
materials is determined by the screem sizing of samples
weighing about one ton, selected in 24 hours. This very labo-
rious method doea not offer any possibility to obtain in the
time alloted to it the necessary true results, which conside~-

rably lowers its validity.

The study Qf the absoxrption of gamma-radiation by the
blast-furnace charge components carried out on the Dgerzhinsk
and Novo-Tulsk Steel Plants revealed the possibility of con-
trolling the gas—permeability of ocharge materials by the ra-
diometric method. It has been found that the absorption of
gamma-rays in that case depends upon the density, the bulk
welght of the material connected with the screem composition.
Personnel of the CSRIFMI and of the Dzmerzhinsk Plant develo-

- e e abrioamd Shwan arnavimantal Aewi cacg =
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rement of the lumping of coke, upon whose soreen composition

depends the general gas-permeability of the charge column
(coke occupies about 60% of the chargse volums).

The device has beem installed at one of tho bdlast-furma-
ceg of the Dserzhinsk Plant; at the left-hand weight fumnel
of the 11ft of the blast-furnace. The weight fumnel a (PFig.3)
is tramsluced by a radioactive isotope of sobalt (C@éo)g with
& 300 mourie activily, situated in & protective collimator b,
whioh may be displaced by guides, either bringing it cleser
to the fumnel, or removing it {rom the fummnsl. The data umit
d, loocated on the opposite side, from centres at the point
e oonsists of eight CTC-6 counters. It measurses the intensity
of the beam of rays, which passes through the coke, which
is reooreded by a specially comstructed recorder.

Coke lumping is rescorded separately for each skip by its
£illing tho weight fumnel, simultaneously with the stoppeage
of the diek sieve, whioh delivers coke from the hopper imto
the fummsl. In meking records om the band eppear "peaks® of
the radiation intemsity (Fig. 4) vaxying in size, depending
upon the denselity of the material. |

A comparison of reocoxrds of the device, obtaimed at the
Dzerghinsk Plant, with readings of furmace operation,has ro-—
vealed that thc abgorptiomn of gemma-=rays by coke varied from
5.0 to 12.7% of the mean value; at & minimun absorption the
coke ore load reached 2540 kg/t and at & meximum 1t was lo—
wered to 2210 kg/t., that is, it was lowered 13%. That does
not agree with the existing idecas on the possible effect of
ooke lumping upom the thermal conditiom of the furnace and
of ooke ocomnsumption (the amount of carbom im the charge

hardly ohanges thercby). Purnace operation observations revae=—
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aled that at perioeds of maximum abaorption of gauma=rays by
coke the extraction of cole out of the furmace with slag

jnoreases (not only with the lewer, but alse with the wuppor
slag). Individual cest irem yiolds were followed by &ho
carfyimg awvay of approximately up to 10=92 tons of coke with
the lower slag; @ comsidorable smount of eoke fell into slag
1adles through sleg taps. Simee the eoke left the hoaxrth
hoated teo 1350@%400909 tho notiesable hoat losges mugt be
caloulataed. These fuel losses indiocate that it is ncoossary
to inorease coke lunpiness in oporating furnaces at om in-
oraascd gas pressure, to pay & greater attention to the
maintenance of cast iron ocaps and to thevlimit@tion of slag

toyere dimensions.

Blast-furnace ouwtput is im & considerable measure detexr—
mined by the preparationm of ore materials. In the solution
of this problom the control of the proosss of irem oxre refinm-
ing and of agglomerate gintoring is an importaat link. The
‘wtilization of radicactive isotopes has proved to be very
effeotivo im this £ield alse.

At tho Kugmotsk Iron and Steel Works o radiometer was
&eainge& for the deotormimation of tho egelomsrate denslity.
instrument operatiom io bosed on tho aboorption of radieactive
opission of isotopes. Imstrument tests at the agglomerato
plant have shown that 1t may bo used fer the oontrol of tho
proeess of ore simtorinmg in obtaiming the aggleomorate.

Purthor rationalication of tho mothod and dovelopmont ©f
roliable imstallations fox th@ sontrol of the properties oL
ooko,ore and sgglomerate offor & possibility to obtain data in
relation to tho oerofynemic rosistaneo of tho ohargo. IBG wE0

of rediomotrie inotallations Lox soptrolling the dongity of
Approved For Release 2009/04/29 : CIA-RDP80T00246A007900090002-4
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soks,; ore and agglomerate permits to incorease blast-furnace
output,and also creates new prerequisites for the automation
of laborious processes and for the sanitation of the condition

of labour.

3, Determination of ths Spsed of Motion and of the

Time during whioch the Cbarge stays in the Blast-Furnace

For a number of years on several plants in the Soviet
Union is the motion of charge materiasls in blast-=furnaces
controlled. This work is of great practical value for the
control of the blast-furnace process and for the determinmation
of optimal duties of furnace opsration and of & rational shaft
profile.

For the study of tho motion of the charge by means of
redicactive igotopes two particular methods are used. The
first method (the method of measuring the radioactivity of
tests of melt products) determines the total time during which
the materials are im the furnace - from the instant of loading
to thoir getting into the hearth and theilr dissolution in
cas8t iron. In this case materials are carried into the furnaoce
in the zone of the top at a definite time prior to the outpue
of cast iron. The time of their getting into the heerth is
catablished by the appearance of radiocactivity im the cast
iron. This method requires no special equipment, but it offers
2o possibility for the determination of the speed of the
inrcoming oharge on seperate sectioms of the furnace shaft.

Tho time during whioh various charge mat<rials stay at
@ desired point in the furnace was determined on furnaces oF
a variety of volumes and designs. Tests at the Novo-Tulsk
Plemt have shown that im the zone of the body and in the

4 AP Shhan ahad®d Lhacae - —= Y S,
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materials,which lessenad the actual working volume of the
furpace by 10-15%. This informatlion 18 partielly sorroboratod
by limestone tests at the wpzovstal® Plant. The mean spesd

of lowering materials, 1in a number of oases, Vasd greater im
in the centre of the furnace than at the periphery = directly

at shaft walls, which depends both upon the system of loading
and upon the physical properties of charge materials. The
relative alteration of the mean speed along radii of two fur-
naces of the npzovstal®™ Plant 1s shown on Fig. 5. On the blast-
furnace A the speed increases contipuously from the periphery
to the centre, while on the blast—furnace B 1t reaches a ma=
ximum at a distance about 0.46 m from the shaft wall, and
becomes less and less thereon. In both cases the speed 1is
higher in the centre than at the periphery.

The second method - of radiometrio sondage (developed by
Pellows of NTMP , the Dzerzhinsk Plant and CSRIFMI ) - permits
to determine the speed of individual components of the gharge
on any seotlon of the shaft. The diagram of the test in the
study of the speed of motion of the charge with eight peints
of investigation 1s sh&wn on Fig. 6. Radloactive granules of
the charge were brought in to the level of £illing, at a
desired distance ¢rom the oentre of the furnace, while at ho-
rizons I — VI were introduoced radiometric soundings consisting
of a system of three coaxial pipes, between which there 18
provided the circulation of water, which meintains in the in-
terior pipe a temparature mot mOre than 40°. In the interior
pipe, which is sealed hermetically against the scepage of
moisture, there 4s arranged & radiation detector (a sglf-—quen~-
ched counter).

¥hen traced obarge granules are lowered f£rom the upper

horizon, the radioaotivity 18 rooorded in succession on the
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1ower horisons. The speed with which the charge is moving om

separate sectlions of the furnace is determined by the time

intervals between maximum intensity of radiation, which cor-
respond to the passage of a granule through two ad jacent
horizons, or by the speed of the growth of intensivity at
each horizon. For the location of the deteotor three varianta
are used: a. Outside the shaft, at the furnace hood; b. In

the shaft lining; 3. In the jnterior of the furnace.

The method of radiometric sondage was used on large
volume furnaces. Tests revealed the displacement of the
charge to the furnace centre at the second horizon, which
was somewhat greater for coke than for ore. Between the
second and third horizons both ooke and ore deflect towards
the periphery, the ocoke further then the ore. In the lower
portion of the shaft materials also get displaced towards
the periphery. In the axial gone the speed at which the mate-
rialg were lowering was in some sections higher than at the
periphery. In the tuyere zone the movement of materials was
inpvestigated by means of soundings inserted through the
tuyeres. It was found that radiation sources in one minute both

approach the tuyere pogzle and move away from it many times.

In the study of the motiom of limestone on a furnace of medium
volume it was found that the speed with which it moves dec-
reases while it 1is being lowered; the limestone speed is maxi-—
mel between the first and second horizons. In the lower part
of the shaft at a distance of about 3.7 m from the wall limes-
tone gets lowered faster than at the periphery: the lowering
speed at a datum 20,520 at the periphery was 3 M/h, while at

s distance of 2.% m from the wall it was about 5.5 m/h.
Approved For Release 2009/04/29 : CIA-RDP80T00246A007900090002-4
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4, Motion of Cast Iron in & Hearth of & Large Blast-

Furnaca

By the method of radioactive indicators may be investiga-
ted both the jntermixing of smelting products and the motion
of cast iron in the blast-furpace hearth.

The method is based on the following principle. A radio-
active isotope phoaphorus-32 is introduced through the tuyere
jnto the liquid cast iron and slag, which 1s in the hearth.
Conclusions as to the pature of the motion of cast irom in
the hearth are reached by the results of measurement of radlo-
active probes aeleoted in definite time intervals. The present
work was conducted at the Ilich Plant blast-furnace having a
volume of 4,719 cu. metres. The results of investigation are
shown on Fig. 7. Different amounts of the radioactive indica-
tor were applied in different tests. Therefore, on the axis
of ordinates of Fig. 7 1s 1aid off the radiocactivity of samplee
expressed 1in percentages 0f the maxlimum radioactivity for each
test. The weight of cast iron output is taeken to be 100%;while
the time of selec’ion of cast iron samples 18 also shown in
relative units, taking 1nto account the duration of the out-

put.

On the basig of the investigation made it was established
that in the intarwals between outputs cast iron in the hearth
of the blast-—furnace 1is mixed poorely. Some mixing and evening
out of the temperature of cast iron gnd of the chemical com-=
position takes place, ip the main, in the period of its vutlet,
as a result of the motion of ocast 4iron ip the hearth, and
while it passes through the cast iron tap. When 1t 1s let out
of the blast—furnacse hearth, cast iron comes out first from

the Rnn*nn nf tha cast iron tap and last of all from the reglm
pproved For Release 2009/04/29 : CIA-RDP80T00246A007900090002-4
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of the hearth at the side of air heaters. In this process the
upper layers of cast iron move considerably faster than the
lower ones. When the central part of the furnacs operates
aotively end when the cast irom tap is im @ normal state,the

rate with which the hearth is freed of cast iron is the same
both for a furneoo with & volumes of 1,033 cu m and for a fur-

nace with a volume of 1,719 ou m. Practicelly from 10 to 15¢
of cast iron, which did not come out during the output of cast
iron,remains in & blast-furnaoce,which has a useful volume of
1033-1719 cu my; which does not influence to any considerabls

degree the operation of the furnece.

From the point of view of completness of outflow of cast
iron out of a furnace during output there is no meed in pro=
viding a second cest iron tap for furmaces with a volume of
29286 ou m heving & 10.3 m hearth diameter. Uhen the furnace
bas a larger output and cast irom is let out frequently, the
normal working state of the tap can be ensured by the utiliga-
tion of high=quality carbom steel for the tap and of powerful
electrical guns (with an 80 kg/cm2 piston pressure).

Cast iron is ocompletely changed in the furnace on an
average & from 2 to 3 outputs, although some insignificant
amount of cast irom still remeins im the furnace. That is one
of the factors conditioming both the thermel inmertia of a
blast-furnace hearth and the gradual change of the chemical
composition of cast iron.

The change of the temperature of cast irom whilc the
output proceeds is one of the indications of the completeness
with which the hearth is being freed of smelting products.

During cast irom output, especially on a large furnace, the

inconsld-ronl . (For Release 2009/04/29" CIA-RDPSOT00246A007900090002-4
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evidences a local cooling of the hearth, remains unnoticed,
Just the same as the beginning of important cooling of the
hearth. For the prevention and timely liquidation of possible
coolings and for the maintenance of a more stable heat state
of the hearth it is necessary to keep up constantly e greater
heat in the central part of the hearth and to heat the hearth

from tuyere to tuyere evenly, by means of selecting the cor—
responding systems of loading and operating duty of the ro-
tating charge distributor, as well as to equip ths blast-
furnaceswith instruments for the automatic measurement and
recording of the temperature of cast irom and slag in the runm
of the output.

Do Control of the Scourlng

At a number of plants the methods of radioactive inserts
and of radloactive sondage are used for controlling the wear
of lining of the hearth bottom and of :he shaft of blast-
furnaces, in order to investigate the strength (resistance to
wear) of refractories and select a rational design of the

blast=furnace.

By the utilization of radiocesctive indicators quantitative
data on the wear of a definite layer of shaft lining of a
blest-furnace can be otained and the time required for the
destruction of the given layer determined.

The use of radioactive isotopes in the study of the wear
of blast-furnace hearth bottom linings led to the mastery of
the dynemics of wear and permitted to set up a ratiomal shape
of the hearth bottom.

Hearth bottoms,; which axe cylindriocal in form and have
coolers along the periphery of the lower part, have the grea-

teat strength. Hearth bottoms having the shape of & trunoca-
Approved For Release 2009/04/29 : CIA-RDP80T00246A007900090002-4
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tod come offer less favourable comditions for coolimg and get
destroyed quicker. It was found advisable to use radiocactivo
1gsotopeas for the control of scouring of blast-furnace hsarth
bottoms in those cases when the hearth bottom installed is of
o now design. lLately such an investigation was conducted al
the Ilich plant, where the hearth bottom wes made of a high-

strength high-aluminous brick. Prelimlnary results indicate
that such & hearth bottom is stronger tham & chamotte hearth

bottom., Due to the data of this work Design Offices have

provided stremger hearth bottoms.

I1. STEEL SHELTING
1, The Study of the Absorption of Sulphur Out of

Gasous Fusl in Smelting Steel in Open-Hearth Furnaces

At the Stelinsk Iron and Steel Plant the mixed coke and
blast-furnace gas, used in heating the Open-Hearth furnaces,
has before the headpiece from 5 to 8 g of sulphur per ou m,
while before it enters the head - about 0.8 g of sulphur per
cu m. In the process of smelting the sulphur 1is from its gase=

ous phase partially transformed into metal, due to which its

concentration im finished steel is railsed.

Below are presented: a description of the @method of deter-
mipation of tho amouante of sulphur, which pass from the ges
into the chargs in smelting im Open-Hearth furnaces at the
Stelinsk Plant, and of the results obtained by 1t.

The method 18 based on the determimation of the weight
of 1iquid metal and liquid sleg in the furnace in the process
of smelting amd upon a subsequent preparatiocn of a material
balance, by sulphur, with the utilimation of the data of

g chemicgl) ~melwana nf samniea nf both metal and slag. .
Approved For Release 2009/04/29 : CIA-RDP80T00246A007900090002-4
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The welght of both metal amd slag is determined by the
method of Isotope Dilution. Im experimental melts a radioacstive
cobalt in a non-metallic state was introduced, to an smoumnt
of 0.1 m Cu per tomn of metal, into liquid cast irom befoxs
it is poured into the Open-Hearth furnace. In the proocsss of
smelting metal samples were selected in the furnace and poured
into the cest ironm mould. Cylindrical ingots so obtained were

placed in the centre of & proteoting chember, along whose oix—
cumference 12 gas counters were arranged. As the melting went

on the radioactivity of metal samples kept on decreasing due
to the increase of the amount of metalain mrelting soxap.

The weight of the total amount of liquid metal in toms
M, in the furnace at the time imstant t was caloulated from
the results of measurements of'ingot radioactivity by means

of the following equatiom:
Mt = %2%?i2 s wWhere
M, — is the welght of the liquid cast irom poured into the
furnace, in tons;
i, — is the speed of counting from a sample of that cast iron,
in imp/min.g.;
it - 18 the speed of counting from a sample of metal selected
out of the furnace in a time instant ¢, imp/min.g.
The change of weight of liquid metal in the run of one of
the experimental melts is shown graphically om Fig. 9.
For tho determination of the weight of 1liquid slag im
the furnace radioactive ocalcium was wsed; it was placod into
petal cartridges as Ca0 and arrenged om the surface of solid
charge moteriels on the bottom of the Open Hoarth befors cast

45

iron was poured. The Ca content in the <f£inal slag was 7 m Cu

pexr tom.
Approved For Release 2009/04/29 : CIA-RDP80T00246A007900090002-4
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As tho melting wont on slag samples were takem. The measu-
rements of calocium radioasctivity in slag samples, togethor
with the calculation of the weight of the wetted slag, permit-—
ted to determine the weight of liquid slag in the furnace in
the process of smelting.

On Fig. 10 on coordinates counting speed -~ time is given
the curve of dilution of radiecalcium in slag in one of the
experimental melts.

In all test melts slaeg was welghed after the melt was
completed and the ingot weight determined. That permitted
to correct results of radioactivity measurements. The totality
of experimental data on radioaoctivity and of the results of
the chemical analysis of all semples of metal and slag for
sulphur content permitted to make up balance sheets of melts
for that element. Thus, the amount of sulphur, which went over
from the fuel into the charge, can be determined as the diffe-
rence between the actual weight of sulphur in the metal-slag
system and the weight of sulphur carried into the furnace along
with charge materials.

12 melts have been investigated by the method described.
It was found that during the periods of heaping up, varming
and pouring cast irom the opem—hsarth bath consumes on the
average about 3 kg of sulphur per hour, or approximately 11 kg
during that entire period. That mekes up approximately 15%
of the total weight of sulphur in the metal-slag systom.

During the meltimg period the bath consumes gomewhat more
of sulphur, the amounts consumed inoreasing with the growth of
the sulphur content in the mixed coke and blast-furnace gas.

The results of calculatioms indiocate that during the pe~-

I‘iOd Of metlinﬁ. thﬁ matal. on an avarece. shanvhoe ahant 41 k
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0f sulphur from the fuel, while im the period of final melt-
img about 1.5 kg of “gneesus® sulphur passes over Lfrom the
metel into the slag. In all during the melt from fuel into
stoel passes over about 20 kg of sulphur, which is approxima-
tely 0.015%.

Usually in meits made undexr conditions as dascribed abeve
the ready metal has a sulphur content of 0.043%. Thus, onm
the average, approximately ome third of that amount ias the
component that gets into steel from the fusl. However, if we

turn from averags values to the comsidexation of imdividual

@6lts, then we will note that im ocome oases during the poriod
of f£inal melting there is observed & considerable deorease of
the sulphur content in the metal. So, im one of the test

melts in this period about 13 kg of “gassous™ sulphur was re-

moved from the stsel, 1.8., almost 0,010%. The result obtained
indicates that there is a possibility to comsiderably lower
the steel sulphur ocontent by means of bettering the sl&g
regime. It was found that the greatest negative effect upon
the process of desulpburation is produced by the slag silice
content, the siliocs enmtering the slag from the ore charged
into the furnace. In that comnection the Stalinsk Plant intro=
duced the practics of changing a part of the ore by cinders,
which oonteim no silleoa. Such a modification of the techmology
ensures & substantial lowering of the metal sulphur content

end & lessening of the duration of melts.

At the present time operatioms, im w. .och the weight
of liquid steel in the furmace has o be de'srmined,; are
carried out by the utilimation of radioactive ruthenium im
place of radiesobalt. In that determination the intensity

of radiation of metel samples is measured by means of & scim-
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tillation counter, whiok permits to deorcass more tham an
order the concentration of the redioaotive isotope in the
metal.

The Study of Slag Formation in Smelting Steel inm

The "Azovstal® Iron and Stesl Plant processes oast ironm
with a high phosphorus content. Therefors, the rationaligation
of the Open—-Hearth furnace slag regime ig of especial imtorest

to it, in oder to most effectively dsphosphorise the metal,
@@ well as to obtain slags with @ high content of phosphorus

pentoxide, used as agricultural fertiliszer.

In the open~hocarth shop & technology was specified, by
which in the furnace, after the ready steel is let out, somo
emount of slag is left. That measgmre 19 aimed to fascilitao
the formatiom of slag during the melting peried in the next
melt. The optimal oonditioms for the utilisation of such a
slag were worked out by means of the method of radioactive
lgsotopes. To the slag, which was left inm the furnace, radioac-
tive sulphur was added, and them, as the process of melting
was being cerried onm, slag samples were taken. By the results
of measurements of the radioactivity of these samples it was
eatablished that the earlier the sleg, which was left over im

the furnace, bdegins to melt, the more sucsegsful isthe flow

of the dephosphorization Prooess.

In this conmnection the 1dea ocourred that the openheaxrth
slag, which is skimmed from the furnace in the finaml period
of bath refiming, ray agaln be used inp sudbsequent melts as &
slag forming meterial. In this case the slag, which previonsly
ves dumped om the heap, now deoomes a ciroulating material ,

vadoh permitso ¢o reduce the congumption af Timentame Baaan o
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the use of such a formed slag should fascilitate the melting
of ore and limestone charged into the furmece and; therefore,
should better the conditions of dsphosphorization of metal
during the .initial period of meltlng.

Below are described tests on Open-Hearth furnaces of
the ®Azovstal™ Iron and Steel Plant, in which the speed of
melting of the circulating slag and its effect upon the rum

of melting were determined. For that purpose the circulating
slag was traced with radioactive phosphorus. From 30 to 40

minutes before the last polished slag was skimmed, into the
metal bath have been introduced a few grams of irom phosphide
enxiched P32. In the interval up to the end of the melt radio-
phosphorus was oxidized and was uniformly spread in the liquid
slag volume. When poured out of the furnace the slag was
subjeocted to crushing in the ram engine shop to sigzes of 50-
100 mm and was then used ip melts. The amount of this sleag,
which was ocharged into the furnace, was from 1.5 to 4% Dby
weight of the metallic part of the charge.

The judgment of the speed of melting of the solid slag
was made by the radioactivity of slag samples; which were
taken from the furnace in the process of melting. Tests have
shown that the first samples of slag, taken dirsctly after
the pouring of cast iron, were characteriged by a maximal
radioactivity. That can be illustrated on Fig. 11, on which
is given a curve indicating the variation of radioactivity
of slag samples with the run of the melting. From an analysis
of this Fig. it follows that the ciroculating slag almost
entirely passes into the liquid state directly after the
pouring of the cast irom into the furnmace. Thus, an analysis

of the above mentioned tests shows that the use of circula-
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ting slag should lead to the comtraction of the duration of
melting., A comparison of melts made by the usual and by the
new technology correborated that assertion. It showed that in
the last case on the average the duration of melts has been
lessened considerably. Taking into account the lessening si-
multaneously of the comsumption of limestone, it may be con-
sidered that the new technology possesses important economic
advantages. At the present time it 1s being mastered by the

plant.
3, The Effect of the Quantity of Slag Upon the Quality

of Steel in the Period of Pure Boiling

At the "Azovstal™ Iron and Steel Plant the radioactive
isotope of phosphorus was also utilized for the determination
of the weight of slag in an opsn-hearth furnace in the period
of pure boiling. Radiophosphorus was introduced into the
furnace in the middle of that period. The weight of slag was
determined by the measurement of the radioactivity of its

samples,
Tests have shown that the flow of processes of steel

melts and the quality of the ready metal both depend upon
the quantity of slag in the furnace. Soy; Fig., 12 shows that
the speed of oxidation of carbon, when all other conditions
are the same, 138 a maximum for mean quantities, of slag com-
prising about 6% of the weight of the metal. Both for greater
end for smaller quantities of slag the oxidation is retarded.
It 18 interesting to note that with such an optimal
quantity of slag in the furnace there also is observed a maxi-
nal speed in the heating of the metal and a highést.output of
steel of the first class. That can be illustrated by Fig. 13,
on which the output of first class rails is shown to be a func

tion of the weisght of slag in the furnace.
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Conclusions

The examples presented in the report indicate the effect-
jveness of thoe utilization of radioactive isotopes im the so-
lution of technological problems of metallurgical production.

. The further advance of works on the utilization of the
attainments of nuclear physics for the benefit of metallurgy
will, seemingly, to a considerable degree depend upon the re-—
sults of the aoctivities of scientists and engineers in the

£1e1d of physics of the isotopy of elements and of nuclear
radiation, &s well as the achievemsnts in the design of radio-

metric apparatus and of individual nuclear physics 1nstalla -
tions.Here should, in the first place;, be named such questions
as the aveilability of radioactive and stable isotopes of a
series of light elements, which can be handled conveniently,
the design of high-—sensitive portable radiometric apparatus
which will make possible to conduct measurements on & wide
range of temperatures, the creation of small-size powerful
peutron sources. With greater intensity should the development
of questions connected with radiatiom safety in working with
isotopes and radiation, under conditioms of industrial produc—-
tion, be continued. Exchanges of experiences obtained in
various countries on the above-indicated questions of applied
puclear physios may suostantially accelerate the advance of

this field of science and techmnique.
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Figures

Fig. 5. Distance from wall, mm.
Fig. 6. 1) Horizons;
2) To tuyere No. 8;
3) To tuyere No. 9;
4) To tuyere No. 8;
To horizons I-V.
Pig. 7. 1) Radioactivity of cast irom tests, %b;
2) Weight of cast irom melt, %5
Figo. 9. 1) Sorap smelting melt No. 31613
2) Weight in tons;
3) Time in minutes.
Fig,10. 1) Melt No. 3149;
2) Dilution 0349;
2y TAERe

mine
3) Time, min.

Figoi1. 1) 2520 ;

]

2) Time, hour—-min;
3) Pouring
I 1I 1IIX
an ™—
cast irom
Pagoi2. 1) 0 — rail steel
X - low oarbom stesl;
2) Spesd of burning of carbon, % Cmin.;
5) Porcent of slag from weight of metal.
Fig,13, 1) Percent of first class rails;

2) Percent of slag from weight of metal.
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